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i NOTICE

The enclosed document constitutes the final version of the deliberations by
the Ceaters for Disease Coutrol (CDC) on the risk of various concentrations of
2,3,7,8-tetrachlorodibenzodioxin in soil. The document will be published in
the scientific literature. It has been submitted to the Journal of Toxicology
and Environmantal Health. Copies of consultants' comments can be obtained by
writing to:

Renate D. Kimbrough, M.D.
Center for Euvironmental Haalth
Centers for Disease Control
1600 Clifton Road

Atlanta, Georgia 30333

It will rot beﬂpossible to honor telephone requests. We would appreciate it
if you would therefore send all requests or other concerns you might h-72 to

us in writing.
Vi
%,,,,._% (et 33"

Vernon N. Houk, M.D.
Director
Center for Environmental Health
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Evaluating the Human Health Risk of Varying Coﬁcentratious of
2,3,7,8-Tetrachlorodibenzodioxin (TéDD)
!

levels in SOill, 2

Summar

From the available literature dealing with the toxic effects of 2,3,7,8-
tetrachlorodibenzodioxin (TCDD), only reports on a fev chronic feeding studies
in rodents can be used for risk assessment calculations. The smallest lower
confidence bound on the virtually safe dose by the linear derived multistage
model us%ng an added cancer risk of 1/1,000,000 is calculated to be 28 fg/kg
b.w./day. This calculation is based on data for hepatocellular carcinoma or
neoplastic nodules (female rat, Kociba et al., 1978; Squire review (EPA

personal communication)). The increased cancer risk of 1/1,000,000 based on

1 The following abbreviations have been used in this document:

b.w. = body weight

wk = week

fg %= fenmtograms

ppb = parts per billion
ppt = parts per trillion

pg = picograns ;
ppm = parts per million
ZUse of trade names is for identification only and does not constitute
endorsement by the Public Health Service or by the U.S. Department of Health

and Human Services.




data for tissue less sensitive than liver would not be expected to occur until
doses as high as 1428 fg/kg b.w./day were adwiaistered. The corresponding
levels for an increased risk of 1/10::,000 are 276 fg to 14.3 pg/kg b.w./day
(Figure 1 and 2). These calculations assume that a linear dose-response
relationship exists for carcinogens (such as TCDD) that based on current
evidence are thought to be primarily promoters. The dose response curve for
prowoters may, however, not be linear, causing an overestiuate of the risk.
The wodel was used on a hypothetical basis, and the cancer risk for TCDD
should be recvaluated as the data base enlarges. Human exposure would

priuwarily occur by the dermal and the oral route.

To estimate human TCDD intake after exposurz to TCDD-contauminated soil in
rcsideAtial areas, we calculateA estimates for dermal, ingestion, and
inhalatic~ doses. With these estimates (the assumptions on which they are
based are outlined in the text), the best estiwate of a daily dose at 1 ppd in
residential soil (assuming uniform distribution of TCDD in soil at 1 pph) is
calculated to be 44.6 pg/day (or 636.5 fg/kg b.w./day for a person weighing 70
kg). In consideryiion of the range of the estimated VSD znd because of the
unlikzlihsod that all of the conservative eiposure assessment assuwpcions will
be realized on a coitinuous or lifetime basis, we have concluded that
residential soil levalis greater than 1 ppb TCDD posz a level of coriern. The
appropriate degrze of concern for which management decisions are made should
also c;nsider an evaluation of the specific circumstances at each contaninated

site.

Exposure in contaminated residential areas would be greater than in only

occasionally frequented commercial areas. In residential areas, levels at or
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above 1 ppb of TCDD in soil canuot be cousidered saf: and represeat a level: of
cuacern. (Houk V; Testimony before the Subcommittee on Oversight and
Tavestigations of the Committee on Energy and Commercé of the House of
Representatives, November 19, 1982.) 1In certain commercial areas, higher
levels may present an acceptable risk to non¥o;cupationally exposed
individuals. Oa ranges and pastures, however, lower soil levels may still be

oi concern, since TCDD accumulates in the tissues of grazing cattle and

rooting swine.

Background

In the early 1970's, a waste o0il dealer in Missouri disposed of waste
raterial containing 2,3,7,8-tetrachlorodibenzodioxin (TCDD) in high
concentration by mixing this material with salvage o0il and spraying it on dirt
roads and riding arenas. The contamination of the riding arenas by TCDD was
established in- 1975 (Carter et al., 1975). Until recently, investigatcrs had
not realized the extent to which several other areas, many of them
residential, were Also contaminated with TCDD. Thus far, concentratioans
zeasured in soil in these areas have ranged from less than 1 ppb to over 1,000
ppb. Once it was deternined that TCDD was present in residential areas, it
had to be decided whaf level represented an unacceptable risk to the
population living in these contaminated areas. This document presents a-

detailed review of the initial determination made by the Centers for Disease
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Control (CDC) and includes suggestions and cémments oa the report made by a
group of coansultants (Appendix I). Where appropriate, consultants' comments
have been directly incorporated in the document.

The method used for conducting a risk assesswent and identifying a level
of concern for TCDD in soil is complicated by many uncertainties--namely,
insufficient data on the toxicology of TCDD, insufficient iuformation about
exposure of people to soil, and insufficient information about intake of TCDD

by humans from such soil.

Since ambient concentrations of TCDD in water or air will usually not
make a significant additiomal contribution to TCDD intake for populatiomns
living in significaatly contaminated areas, we have not addressed these

contributions in this document.

Introduction

Much has bzza vritcen about TCDD, and it is not the purpose of this
document to revizw all zvailable literature. For au overview, the reader is
referred to recent reviews (Ximbrough 1980; National Research Council of
Canada, 1981)., Primarily, toxicology information useful for risk-assessment
will be reviewed here. In making risk assessmeats, in&estigators must

consideﬁ the possible routes of human exposure and the;average daily dose or

the total lifetime dose. Although some adverse health effects have been



observed in humans after exposurc to TCDD, the dose these iundividnals received
was not quantified. The only available dose-response data were obtained ia
animal studies. A critical fecature of TCDD is that some animal spacies are
much more susceptible to the toxic efrfects. of TCDD than others. Since no
dose-response inforration is available from human exposures, it is not known
which animal species most nearly approximates human responses, although it
appears that huicans may not be the most sensitivé species. From experience
with other substances the guinea pig is often more sensitive than most other

species.

Some scientists have even claimed that, with all of the exposure humans
have received in occupational situations, humans must not be very susceptible
to the toxic effects of TCDD, and the main health cffect in huimans is
chloracne (May, 1973). Such far reaching statemeats seen inappropriate,
hovever, since no information is available on how much TCDD the exposed
vorkers who developed chloracne actually absorbed systemically and since
chloracne can be either (1) part of a systemic disease or (2) produced localily
by applyinz TCDD to the skin, with no toxic levels being ;bsorbed into the
body (Bauer et al., 1961). It is also too early to conclude what the
long-tern effects of chronic low-level exposure in Lumans will be.
Furthermore, in estimating the risk that TCDD poses for the general
population, we nust consider children, females of childbearing age, the aged,

and the infirm.



When given as a single duse, TCDD hus a hal.-life of 12-30 days in gmall
laboratory animals. After repz:ated dosing, it accumulates in the body and is
stored in adipose éﬁssue and to some extent, iu the liver and other orgauns.
The study by Kociba et al. (1978) indicates th;t at, some dousage levels the rat
has higher levels i- the liver thanm in adiposs tissue. In vivo and in vitro
studies with radiolabelled TCDD demonstrate that the substance is not readily
wetabolized by cells. In aniusl studies, however, unidentified petabolites of
TCDD have been found in urine and bile, with the high pressure liquid
" chromatography (HPLG) elution time of the metabolite varying in different

species (lNzal et al., 1982).

TCDD produces a multitude of toxicological effects. These effects are
reviewed in the articles listed under "Selected Refereuces." TCDD is
extremely toxic (oral LDg less than 5 nz/kg b.w.) in most species tested.

The effect of TCDD is delayed--aniwals given a sinale dose iay not di2 until
40 days later. With repeated dosirg, TCDD is toxic at much lower daily dosage
levals, and the toxic effects of TCDD appeatr to be cumulative. Frow a risk
assessmant standpoint, fetotoxicity and reproductive dysfunction causad at
very low cosaze levels in rodents and subhuman primates and carcinogenicity in
rodents are critical. Long-term feeding studies are available for thesa tuo
toxicological end points in rodents. On the othec hand, no long-term studies
have been wmade to determine what the no-observed-effect level for
immunotokicity is in the monkey, the rat, or the guineg pig, nor have cancer

studies bean conducted in species other than rodents.
i



In a 2-year feeding study in rats (Kociba et al., 1978), the
no-observable-effect level was 0.001 ug/kg/day. In one study the oral LDSO-
in rats was reported as 44 ug/ks. The ratio betwezn the oral LDSO and a
long-term daily néieffect level in rats is 44;000.. 1f this same ratio were
applied to guinza pigs, and if the oral LD50 in guinza pigs of 0.6 ug/kg is
used, a no-effect level for chronic studies in guinea pigs might be calculated
to be 0.016 ng/kg/day. A similar calculation can be made by using data

obtained with monkeys (the lowast effect level is used here, since a chronic

no-effect level has not been determined).

LD McConnell, Moore, Dalgard, 1978 50-70 ug/kg
so ¢ & ) ue/kg 27,700-38,858

Effect level (Allen et al., 1979) 1.8 x 1073 ug/kg/day

TCDD is highly lipophilic, degrades rapidly on exposure to ultraviolet
light if hydrogen donors are available, doas not readily migrate through soil,
and appears to be only slightly takenm up by root plants; furthesmore, only a
few strains of soil bacteria can degrade it at a very slow rate. Taz
half-life of TCDD in soil is not known. The earlier reports statinz that its

half-life is less than a year appear to be erroneous.

The concentrations at which TCDD still causes toxic effects are difficult

to imagine. For instance, 1 ug=10-6g, 1 ng=10~9g, 1 pg=10—12g, and 1

fg=10-158. There are 28 g in one ounce. One molecule of TCDD weighs

' 322 g/mole = 5.35 x 10722 g/molecule

3

6.023 x 102 molecules/mole

This translates into 1.8x106 molecules per fg.



Sources and Occurrence of TCDD

In the production of 2.4,5~trichlorophen01:from tetrachlorobenzene, TCDD
is formed as a contaminaat. Si:bsequent cleanup of 2,4,5-trichlorophencl
rasults in industrial waste (still bottom residue) that contains high (up to
1,000 ppm) concentrations of TCDD. The products made from 2,4,5-
trichlorophenol, such as 2,4,5-T (trichlorophenoxy.cetic acid) and hexa-
chlorophene, and 2,4,5~trichlorophenol itself, may still be contaminatgd with

trace amouats of TCDD.

TCDD and other ghlorinated dibenzodioxins may also be formed during
r
combusti&n. These chemicals have been ideatified in soot, fly ash, and many
other products that were burned (Buwb et al., 1980; Buser et al., 1978). The

concantzations feund hive usually beza in parts par trillion (nanogram per

kilozram) (Eiceman et al., 1980; Kooke et al., 1981).

Becausez of the inhercat toxicity of TCDD, levels in the envirunment at
concentrations in the parts per trillion-parts per bLillion rang: may be of
tozicologicul significance. Mzthods have only recently been developad to
measure such low coacentrations. Therefore, no systematic moni;oring for TCDD

in the euvironment has been conducted (Norstrom et al., 1982).

Soil levels measured recently in contaminated sites in Missouri have

ranged from less than 1 ug/kg (ppb) to over 1 mgz/kg (ppq) (U. S. Environmental

Protection Agency (EPA), unpublished information). Concentrations measured in



contamin#ted riding arenas in 1971 and 1974 werc 30 my/kg and after excavation
around 1 mg/kg, respectively (Carter et al., 1975). EPA is now characterizing
soil TCDD levels at sites where 2,4,5-trichlorophenol was produced or used to
l .
make 2,4,5-T and other chemicals (Anonymous, 1983).
Metabolism in Animals

The toxicokinetics are reviewed by Neal et al. (1982).

2. Absorption

In Sprague-Dawley rats given a single oral dose of 1.0 ug llAC}
2,3,7,8-TCDD/kg b.w., absorption from the intestinal tract was estimated to be
arcund 83% (Rose et al., 1976). With repeated oral dosing at 1,0 ua/kg/day (5
days/wk x 7 wk), absorption was similar to that observed for the single oral
dose (Rose er al., 1976). With a much larger single oral dose, 50 ug/kg b.w.,
about 70% of th2 dose was absorbed by rats (Piper c¢t al., 1973). In studies
whzre TCDD was administered to rats by gavage in acetone:corn oil (1:25 or
1:9), absorption from the gastrointestinal tract rangad from 70-83% (Pose et
al. 1976; Piper et al., 1973). VWhen TCDD was administered to rats in the diet
at 7 or 20 ppb (0.5 or 1.4 ug/kg/day) for 42 days, 50 to 60 of the consumed

dose was absorbed (Fries and Marrow, 1975). . .

1]
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Poiger and Schlatter (1980), using hepatic councentrations in rats 24
hours after dosing as an indicator of the amount absorbed, found a linear
relationship betveen nanograms of TCDD administercd in 50X ethanol (for doses
of 12 to 280 ng, equivalent to 0.06 to 1.4 ug(kg) and the percentage of the
dose in hepatic fissues (36.7 to 51.5%). ‘Oniy about half of the awount of
TCDD given in ethavol v:; absorbed when TCDD was administered in an agueous

suspension of soil.

Information on the absorption of 2,3,7,8-TCDD throuzh the skin is.found
only in a study by Poiger and Schlatter (1980), and no information on
zbsorption through the respiratory tract was found. Poiger and Schlatter
(1980) gdministered 26 ng TCDD in 50 ug methanol to the skin of 6 rats. After
24 hours, the liver contained 14.8 + 2.6% of the dose. Application of TCDD in
a soil/wzter pasteghecreased hepatic TCDD to about 2% of the administered
dose. It is not clear whether ebsorption from the skin would be as rapid as
thct from th2 stemach. Thesz studies suggest that small amounts of TCDD ace
abcorbad through the skin, but they give no information about the rate of

absorption zad discriburion of TCDD irn the body over time.

b. Distribution

Piper et al. (1973) used a single oral dose of (lac] TCUD to study

distribution and excretion of TCDD in male Sprague-Dawley rats. Most of tha
radioactivity (53.2%) was excreted via the feces, but the urine and expired

I .
air accounted for 13.2 and 3.2%, respectively. Analysis of the tissues after

10
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3 days showed liver and adipose tissue to contain the highest percantage of

the dose per gram of tissue, with 3.18 and 2.60X, respzctively,

Rose et al. (1976) also examined the distribution of IIAC] TCDD 1in
rats. Twenty-two days after a single oral dose of 1.0 ug/kg, liver and
adipose tissue had each retained about 1.2% of the dose. With repeated oral
doses of 0.01, 0.1, or 1.0 ug [14C]—TCDD/kg/day, Monday through Friday for 7
wk, the liver and fat contained most of the body burden of TCDD, accounting
for 50 and 10 times more llac] activity, respectively, than the rest of th:
carcass., As a resglt of these studies, they concluded that the rate of TCDD
accumulation in th; body, after single and repeated exposure, wi:s largely
accounted for by the rate of accumulation in liver and fat. With a single
oral dose, no radioactivity was detected in either the urine or expired air,
indicating that rost, if not all, of the elimination of TCDD and/or its
metzbolites was via the feces. With repzated oral doses, the [1401 activity
was also excreted primarily through the feces, but significant amounts were
found in the urine. Male rats given 1.0 ug/kg/day of TCDD for i wk excreted
an average of 3.1X of the cumulative dose in the urine, whereas the female'

rats excreted an averagze of 12.5% in the urine (Rose et al.,.1976).

Studies performed by Van Miller et al. (1977) on rhesus monkeys and rats
wvith single intraperitoneal doses of tritiated TCDD showed that although rats

had over 40X of the TCDD in the liver-7 days after dosing, the monkeys had
i ;

only aboﬁt 10X in the same organ at that time, and a g?eater percentage was
1 i
\
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found in skin and muscle tissue. Ia tvo strains of wice, the liver contained
adout 35 of an aduministered dose of TCDD 1 day after oral or intraperitoneal
adminisgration (Munara et al., 1982).

Kociba et.al. (1978) found that female rats maintained on a daily dietary
TCDD intake of 0.1 ug/kg/day for 2 years had an averag:- TCDD content of 8100
ppt (ng/kg) in far and 24,000 ppt (ng/kz) in the liver. Rats given 0.0l
vg/kg/day had an average of 1700 ppt (ng/kg) of TCDD in the fat and 5100 ppt
{ng/kg) in the liver. For both of these daily dosages, the liver-ro-body-fat
ratio ofITCDD was 3:1. At the lowest dose level of 0.001 ug/kgz/day, both fat
and liver contained an average of 540 ppt 2,3,7,8-TCDD. Kociba et al. (1978)
prosented evidance that a steady-state in rats had been reached after 13 weeks

of TCDD feeding.

Mclulty (1982) reportad that 2 years after administering a single oral
dose of 1 ug/kg of TCDD to an adult rhesus macaque monkey, tissue levels of
the coumpound were 100 ppt (ng/kg) in adipose tissue and 15 ppt (ng/kg) in
liver. <hese results indicate that prolonged reteation o£ TCLUD may occur in

this spzcies. The retzntiom in humans is not known.

TCDD has also biza showa to pass the placenia of rats and mice (Moore et

al., 1976; Nau and Bass 1981; Applegren et al., 1933), and it is excreted in
. o :
milk (Moore et al., 1976).

12
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TCDD is a potent inducer of hepatic microsomal mixed function oxidass
enzymes with the lowest effective single dose in the rat of 0.002 ug/kg b.w..

(Xitchin and Woods, 1979).

c. ‘Excretion

The following discussion assumes that elimination is a first-ordar
process, except in the guinea pig, in which elimination may follow zero-order

kinetics (Gasiewicz and MNeal, 1979).

TCDD is slowly excreted from the bodies of all small laboratory species
tested, with a half-life in the body for single doses of 10 to 43 days. In
the golde; Syrian hamster, the mammalian species least sensitive to the acute
toxicity of ICDD, excretion occurs readily through both the u;ine (41Z of
total excreted radioactivity) and feces (59X of total excreted radiocactivity)
(Olson et al., 1980). 1In all other species tested so far, excretion occurs
mainly throvgh the feces, with only minor amounts of TCDD metabolites found in

the urine (Rose et al., 1976; Gasiewicz and Neal, 1979).

Matabolites of TCDD have been detected in the bile and urine of golden

[a}
bl

Syrian hamsters after single oral or intraperitoneal doses (Olson et al.,
1980) and in the bile of dogs after repeated direct introduction of the

chenical into the duodenal lumen (Poiger et al., 1982).

13
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Poiger and Schlatter (1980) and Ramsey et al. (1979) demonstrated biliary
excretion of several metabolites of [1461 TCDD by rats after repeated oral
dosing. The metabolites wazre: tentatively identifie& as glucuronides of

1
1

hydroxylated TCDD. The amounts of metabolites found were small.

Mutagenesis and Cell Transformation

The results of in vitro and in vivo mutagenesis studies are summarized by
Kociba and Schwetz (1282), Hay (1982), and Rogers e£ al. (1982). 1In tests
with salmonella strains, TCDD has been reported to be mutagenic in the
salwonella typhimurium strain TA 1532 and the escherichia coli strain Sd-4.

In othper laboratories strains TA 1532, TA 1535, TA 1537, and TA 1538 have not
yielded positive results. On the other hand, prophage induction in
escherichia coli K-39 was positive, but a dominant lethal study in rats was

not. Cytogenati:” studies in rat bone marrow werz negative or questionable.

Kay (1982) recently was able to show cell transformation in kidney
hanster cells. Although in a number of cell lines it was possible to induce
arylhydrocarbon hydroxylase, there have been almost no observations of cell
toizicity. Only in a wmouse teratoma cell were Knudson and Poland (1982) able
to induca keratinization by the addition of TCDD. A similar transformation
occurs in sebaceous glands when chloracne develops apd the cells of tha

K2

sebaceous glands are transformed into squamous cells.

14




In many instances there appears to be an association between such
metaplafia and the development of cancer. However, wetaplasia, that is, cell
transfd;mation, may also occur without necessarily progressing into cancer |
such aséthe transformation of columnar into squamous epithelium. Cell
transforyation per se does therefore not ;eprésent ;onclusive evidence that
TCDD is an initiator of carcinogenesis. For instarnce, in vitamin A
deficiency, squamous metaplasia develops in the trachea, bronchus, and the
palvis of the kidneys, the uterus and the pancreatic ducts (Piukerton 1977).
Although‘vitamin A has besen claimed to protect against the develoupment of

. I

certain carcinomas, its lack can certainly not be considered to be an

initiztor of cancer.

Machanism of Action

It is.not clear why somwe species are more susceptible to the toxic
effacts Pf TCDD and why the target organs vary in different enimal spzcies.
Thi2 toxicity of this chemical apparently depends on the fact that the lateral
positions of the polecule &re occupied by chlorine or bromine in the case of

brominated compounds (Poland and Glover, 1973).

Induction of hepatic aryl hydr;carbon hydroxylase (AHH); cytochrone
P-448, ‘and a number of other enzymes appears to be controlled by a si;gle gene
in the mouse known as the Ah locus (Poland and Glover, 1975). In inbred
strains of mice, ANH inducibility is inherited as a simple autosomal dominant

trait. ?oland et al. (1976) observed a small pool of displaceable high

15
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affinity binding sites in the hepatic cytosul ¢f rats and mice which has the

in vitro binding preparties predicted for a receptor for induction of AllH.

—

polycyciic hydrocarbors such as 3-methylcholanthrene compete with TCDD for the

binding site, but compounds which do not induce this enzyme (thyroxice,

steroids, phenobarbital, DLT) do not compete. As would be expected if this
bindiugz site represents the receptor, the displaceable b{nding of [3H]TCDD
to the hepatic c_tosol of genetically respousive nice is much greater than

that of nonresponsive mice. Recent work indicates that the receptor binds

o

TCDD, and the complex translocates to the nucleus (Greenlees and Poland,

1979). Using isoelectric focusinyg, Gustaffson and co-workers (Carlstedt-Luke

et al., 1978) hava recently demonstrated the presence of a protein in hepatic

cytosol with a molecular weight of 136,000 after partial digestion with
trypsin, which has a high specific binding affinity for TCLD (10_9) similax-
to thac reported by Poland et al. (1976). This protein could be detectad in

AHH-Tres»>cnsive wice, but mot in noaresponsive nmice.

All of these data are coqsistent with the hypothesis that chlorinated
dibenzodicxins and polycyclic aromatic hydrocarbons combine with a cytosolic
receptc;, which entets the nucleaus and produces coordinate induction_of a
. nuzber of enzynes. Ia the rat, mouse and a number of other ;pecies, these
clued2 AHG and cther cytochrome P-448 associated monooxygen:use
activities, glucurcnyl transierase, DT diaphorase, ornithine decarboxylase,

znd aldehyde dehydrozirase. The nature of the prcteiﬁs con&réiied by th;

16
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genona would depend on the tissuz and on the species., PRecent studies of in
vivo covalent binding in rats (Poland and Glover, 1979) demunstrate that
covalent binding to DNA (6 pmol TCLH per molecule of nucleotide residue) is &
to 6 orders of magnxgyde lower than that of_most'chemical carciuopens and the
binding of DA is equivalent to one molecule of TCDD per DHA of about 35

cells. TCDD induced oncogenicity is, therefore, most likely not caused

through 2 mechauism of covalent bindiag to DNA and somatic rutation.

It has thus far not been cbnclusively demonstrated that all toxic
effects, specifically lipid peroxidation, are mediated through the cytosol
receptor. A nuwsber of related aromatic compounds, such as certain isomers of
thez halogenated naphthalenes, biphenyls, and dibenzofurans, have siwilar
biological activities if the lateral positions are occupizd by chlorine or

bromine (Goldstein, 1980).

Animal Toxicology

faratogenesis and Reproductien

TCDD is a teratogen in several strains of mice at doses much lower than
most other teratogens. Claft palate and kidney anomalies predominate. When
CF-1 mice (between 14 and 41 mice/dose group) were dosed by gavage on day 6

through 15 of gestation with five doses of TCDD ranging from 0.001 to 3 ug

17
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TCiD/kg b.w./day, no significant effects were observed at any dusaga of TCDD
cn iaplantation sites per litter, live fetuses per litter, sex ratio, fetal
body weight, fetal crown-rump length, or skeletal abmormalities. The percent
of resorptions increased significantly (p£0.05) at doses of 1 ug TCDD/kg
b.w./day. Cleft palate increased significautly at 1 and 3 ug TCDD/kg
b.w./day, and the incidence of bilaterally dilated reanal pelvis was
significantly increased at 3 ug TCDD/ky b.w./day (Smith et al., 1976).

The authors concluded that the rate of malformations in CF-1 nice was not

significantly increased at doses less than or equal to 0.1 ug TCDD/k3 b.w./day.

In rats, TCDD produces fectotoxic effecis at lower doszs than are raquired
for teratogenic effects and increases the incidence of intestinal hemorrhage

2nd ecdema, kidrey anomalies, and iate.nal hemorrhage (Murray et al., 1979).

turray et al. (1979) studied the effects of 0, 0.001, 0.01 aad G.1 ug
CDB/kg b.w./day given in the diet of Sprague-Dawley rats over three
generations. Mo significaut toxic effects were observed in the Fo
ganzratica during 90 days' treatment before wating. Both fertility ead
FO generation, and

neonatal survival was raduced in the ‘1 genzraticy at doses ¢f 0.1 ug

neoaatsal survival were sigaificantly reducaed in the

Tchp/kg b.w./day. At 0.01 ug TCOD/kg b.w./day, fertility was significantly
reduced in the Fy and F, genarations but not in the F,y generation. 1In
addition, daily ¢ :.es of 0.0l ug TCDD/kg b.w./day reduced litter size,

decreased fetal and neonatal survival, and decreased growth. Doses of 0.001

ug TCDPD/kg b.w./day had no effect on fertility, litter size, postnatal body




veight, or neonatal survival. ‘herefore, Murray et al. (1979) concluded that
douses of 0.1 and 0.0l but not 0.001 ug TCOD/kg b.w./day produced deleterious.
effects on reproduction through three generations of rats. However, Nesbit
and Paxéon (1982) in thzir analysis of these data concluded that the lowest
dose still affected reproduction. A review of these data in conjunction with
this report leads to the conclusion that there was insufficient eviaence for

on effect at 0.01 ug/kg b.w./day (Appendix II).

Khera and Ruddick (1973) obse;ved dose-related decreases in average
litter size and pup weight of Wistar rats treated with doses greater thau
0.25 ug TCDD/kz b.w./day. Survival was significantly decreased at 0.5 ug
TCDD/kg b.w./day, and no pups survived at doses of 1.0 ug TCDD/kg b.w./day.
The Spraiue—nauley rat 2ppears to be more susceptible to the toxic

raproductive effects of TCDD than the Wistar rat.

Allen et al. (1979) have reported adverse effects of TCDD on reproduction
in nonhuman primates (rhesus monkeys). A decrease in serum estradiol and
progesterone levels was noted after a 7-month exposure to diets containing 500
ng/kg of:TCDD (appr@xizzrely 18 ng/kg b.w./day). The lenzth of the menstrual
cycle ané renstruation, however, were normal. After a 7-month exposure to

7CDD, the females ware mated with untreated mal:s, Three of eight females

conceived; however, two aborted.



In a second expariment, Allen et al. (1979) fe: female chesus wonkeys a
diet containing 50 ng/kyg (approximately 1.8 ng/kg bL.w./day). Afcer a 6-wonth
exposure, Serum estradidl and progesterone levels were normal. Mating of
eighr treated females with untrzated males resulted in six pregnancies, from
whizh there were four abortions aad two normal births. All eight control
fewales conceived and had normal births. This daily dose of 1.8 ng/kg would

be equivalent to a total dose of 378 ng/ikg b.w.

Allen et al. (1979) and McBulty (1982) studizd the effect of TCDD in
rhesus monkeys. Wherzas Allen et al. (1979) produced 2ffects on reproduciion
in wonkeys with a total dose of roughly 500 ng/xz given over a &6-moath pericd,
Mcilulty observed similar effects with a single duse of 1 ug/kg (Table 1) but
not with a cirgle dose of 200 ng/k3. These data suggest that total dozas in
the low nanogram per Kkilogram body weight range may not affect reproduction in
mouXeys, Taus rar, a no—effect level ou reproductive outcowss in thz rhesus
wonkey hzs not bzen reporxi:d nor have any long-tara (several ycars) or

rultigenzc-tiox studies been conducted in this species.

-

Izmunotoxizity

Thig;en et al. (1975) treated 4-wk-old specific pathogen-frce male
C575L/83ih mice once weekly for 4 wk with 0.5, 1, 5, 10, or 20 ug TCDD/kg b.w.
(equivalent to 0.07, 0.14, 0.71, 1.43, or 2.86 uz TCDD/kg b.w./day). A
signifiqant decreasz in body weight gain was observed in the 2.86 ug TCDD/kg

b.w./day group. Doses of 0.14 ug TCDD/kg b.w./day or greater for &4 wk,

5
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follow:d by infection with Sualwouzlla berne, signiiicantly increased mortality
and decreased the time from infection to death. TCDD treatment did not affect

the mortality of the mice caused by Herpesvirus suis infection. Thymic

atrophy hnd liver pathology were present at 2.86 and 1.43 upg TCDD/kg b.u./day
but not at lower doses. These results aré difficult to interpret;

furthensore, the mice way have had preexisting immuaity to the herpes virus.

In contrast, Vos et al. (1978) and Thomas and Hinsdill (1979) did not
cbserve a2ny impairment in the response of TCLD-treated mice to challenges with

Listeria monocytogenes. Male Swiss mice were given 50 ug TCDD/kg b.w./wk for

4 wk. The mice vere then challenged with Listeria, and viable Listeria were
waasured in the spleen 2 days later. TCDD treatizent did not affect spleen
Listeria counts noxr did it impair the ability of peritoneal macrophages to
reduce nitro-blue tetrazolium to formazan. Thus, TCDD treatment did not secen

to affect macrophiage function in mice.

Vos et al. (1978) studied the susceptibility of TCDi-treated mice to

Escherichia coli endotoxin. Thrze~ to four-wk-old specific pathogen-free

Swiss mice were dosed by gavage once a week for 4 wk with 0, 1.5, 5, 15, or 50
ug TCDD/%g b.w. (equivalent to O, 0;21, 0.71, 2.14, or 7.14 ug TCOD/Lkg
b.w./day). Two days after the firal dose of TCDD, the mice were injected
intravenously with E. coli endotoxin, and mortality was assessed after 48
hours. A TCDD dose-related increase in sensitivity to E. coli endotoxin was

observed. With 10 ug of endotoxin, the no-effect dose was 0.7l ug TCDD/kg

: i
b.w./day over &4 wk.
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Thoma: and Hinsdill (1979) studied 5- to 6-wk-old mice from specific

patho_:n-free mothers fed diets containing 1, 2.5, or 5 ug of TCDD/kg-l.

The offspring were injected with a range of doses of Salmonella tynhimuriﬁm
lipopplysaccharfhe endotoxin, and mortalitxtwas assessed over 14 days. A TCDD -
dose-related increase in wortality uas‘ob;eéved with a no-effect level of 1.0

ug '.l‘CDD/kg_1 diet (0.15 ug/kg b.w./day_l) when 40 uy of endotoxin was

administered. .

Vos and Moore (1974) assessed cell-mediated iwmune functioms in rats
exposéd t-» TCDD prenatally or.prenatally and postnatally. Fisher-344 rats
received 0, 1, or 5 ug TCOD/kg b.w. on days 11 and 18 of gestation. In some
cases, the pups remained with treated mothe:s during lactation, whereas other
groupé suckled nontreated mothers. The transformation of spleen cells by the
phytomitogen phytohemagglutinin on a per cell basis was significantly reduced
in rats postnatally exposed to TCDD. The response of spleen cells to
phytchenaszglutinin cn a per :pleen basis was reduced to 72% of tha: of
controls in rats from dams dosed with 1 ug T;DD/kg b.w. on days 11 aad 18 of
gestation., The response of thymus cells to phytohemagglutinin (on a pzr cell
basis) was significantly reduced in rats from dams given 5 ug TCDL/ky b.w.,

and rhe response to concanavalin A was siganificantly decreased on a per thymus

basis.

Craft-versus-host reactions and allograf: rejection have also been

studied. Vos and Moore (1974) reported prolonged allograft rejectioh times in

rats aﬁd reduced graft-versus-host reactions in rats and mice after exposure
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to TCDD. The rats were exposed to TCDD through the dam's milk. The offspring
of dams that were dosed with 5 ug TCDD/kg b.v. on days 11 and 18 of gestatioa
2i:d on days 4, 11, and 18 of lactatioa showed significant e¢ffects in both the
allograft rejection time and graft-versus-host rcactions; whereas lowe -
dosages did not c:iuse any observable effects. Mice treated with 0.14, 0.71,

and 3.57 ug TCDD/xz b.w./day showed a decrcase in graft-versus-host reactivity.

In addition, Faith et al. (1978) and Faith and Luster (1979) reported
that TCDD suppressed delayed hypersensitivity in Charles Rives albino rats
given 5 ug TCDD/kg b.w. on day 18 of gestation, then 5 ug TCDD/kg b.wu./uk.
Some pups were cross—fostered onto untreated daws to provide a prenatal
exposure group. Oxazolone was used as the countact sensitizing agent, and the
radiOm;tric ear assay also was used., A suppression in the delayed

hyversensitivity reaction was observed in all exposure groups.

Thomas and Hinsdill (1979), using dinitrofluorobenzene as the seasitizing
agent, studied the effects of TCDD exposure on delayed hypersensitivity
reactions by measuring thz increase im ear thickness. Swiss Webster mice were
fed diets centainicg 0, 1, 2.5, and 5.0 ug TCDD/kg. A siggificant suppression
in the dzlayed hypers=asitivity reaction was observed in offspring from dams

on the 5 ug/kg dist (zbovt 0.75 ug TCDD/kg b.w./day) tested at 5 wk of aze.
In summary, some studies suggest that the humoral irmune function nay be

affect;d in rodents (Vos and Moore, 1974; Thomas and Hindsdill, 1979; Vecchki

et al., 1980), although Faith et al. (1978) and Faith and Luster (1979) were
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pot able to substantiate these [indings. TCDU effects on the cellular iumune
funztion have been more consistently showa, alithougzh no chronic studies have
been conducted to wmore precisely characterize thi.. effect.

The studies dcna in rats and wice suggest that the developing inmune
syste.s is more susceptible to the effects of TCDLD than the adult imsune
systexa.  Oa the orher hand, in the guinea pig the thymus is the primary tavget
orgen for TCDD, and weekly doses of 40 ng TCDD/kg b.w. for 8 wk depressed the

delayed hyperseusitivity reactiom to tube culin {Vos =2t 2l., 1973) in adult

guinea pigs.

Several other studies havz been conduc:td ia guinea pigs, rats, aud mice
to evaluate the immune respeonsez, but they do not give any additional

nformarion about dose response.  Although the leunUt0X1C1t" of TODD 1s a

e

n aninualz--upparently present at loy doses of TCDD

P

1th orfar

h‘

cerious he

cnpoSure=-ve czunot use these data in risk analysis art this point, siuce ao

A stuiy by Vaa Milisr et al. (1977) in Sprogus-Dawley rats suggests that
TCHD was carcinogenic. liowever, only 10 rats per group werc used. The
results of that study are summarized in Table 2. It is surprising that no

tumors at 21l were observed among the controls. Since there was no increase
o .
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f
of uny particular tumor but only an iucrease of total tuwers, th-.e data are

not very useful. The fiwlings were not statistically significant, and the

nuobher of:animals tested was small.

Subsequently, Kociba et al. (1978) reported a study in which vroups of 50
cale and 50 female Sprcague-Dawley rats (Spartan substrain) werxe fed di:ts
coataiuning 22, 203, and 2,193 ng/kg of TCDD for 2 years. This is cquivaleat
to daily doses of 0.001, 0.01, and 0.1 ug TCDD/kg b.w. The total intake of
TCOD for rats surviving 24 wonths would be 0.73, 7.3, and 73 ug TCDD/kz b.u.
for the three treated groups. The controls consisted of 86 wale and 86 female

rats.

lumzzous toxicologic effects were observed at 0.1 ug TCOD/kg b.w./day.
These effects included increased mortality; decreased body weight gain;
duprassed hematological parameters; increased uriue levels of porphyrirvs and
4 -aminolevulinic acid; increased serum enzyme activity for alkaliune
rhcsphatase, yv-glutamyl transferase, and glutamic-pyruvic acid transaminase;
and worphological changes in hepatic, lymphoid, ruspiratory, and vascular

tissues.

At 0.01 ug TCDD/kg b.w./day, liver toxicity, focal pulmonary alveolar
hyperplﬁsia, and, in females, increased urinary porphyrin excretion were
noted. No toxic effects of significance were reported in rats expoused to
0.001 ug TCDD/kg b.w./day for 24 months. A summary of the tumor incidence
observed by Kociba et al. (1978), for tumors whose incidence in treated and

control rats was significantly different, is presented in Table 3.



Toth et al. (19749) conductid studies in Swiss/li/Riop mice. Three groups
of 45 pale wice were given weckly doses (by pavaz=) of 7.0, 0.7, or 0.007 ug
TCLD/%; b.w. for § year, then studied for their cntire lifetines, IAn equal
pember of control mice (45) war: given the TCDD vehicle (sunflower oil) each
week. The incidence of liver tuwcors was siggificantly increased in the 0.7 ug
TCLUD/kg b.w./uk group (48% tumor incidence) compared with that of the coatrol
creup (18% tumor incidence), The iuncidence of livar tumors observad in the
7.0 vz TCDD/kg b.w./wk group was 30Z greater bul vas not statistically
significantly difierent from that of the control group. Increased rortality

in this group may a2ccount for not finding a statistical significanc...

The National Toxicology Program (HTP) (1982 a,b) also conductad
carcinogenicity studies in rats and mice. TCDD was investigated in groups of
59 nale and 50 foimale Osborne-Mendel rats and 50 wale B6C3Fl mice (0.Gl, 0.05,
or C.5 ug/kg/wk) and in 50 femule mice (0.04, 0.2, or 2.0 ug/kg/wk). TCDD was
susnzadad in a vehicle of 9:1 corn o0il: acatoune and adninister:! by gava
2 2/vk for 104 wk. A dose-related depressiva i mean body weight gain vas
cbserved iu male and female rats, compared with yrcups of 75 vehicle
control:u. Significant increases were observed in incidences of
follicular—cell cdenomas im thz thyroid in male rats, neoplastic noiules of
the iiver in high-desz fzmals rats, hepatocellular carcinomns in walz aad
forale mice, follicular aderomas in the thyrcid in femsle mice, and toxic
hepafitis related to TCDD administration in high-dcse rats and mice of both
sexes. Under the conditions of this bioassay, TCDD was carcinogenic for both

Osborne-}Mendel rats and B6C3Fl mice (Table 4). 1In addition, the
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carciuogenicity of an acetone suspension of TCDD applicd to the clipped backs
of 30 maie and 30 female Swics-Webster mice 3 x/wk for 99 or 104 wk was
juvestigated. Females received 0.005 ug TCOD/application, and males, 0.001 ug
TCnl. Vehicle con;:ols consisted of 45 mice og each sex treated with 0.1 ml
acaton2 3 x/wk. Mean body weights of dosed male and vehicle-control mice ware
less than those of untreated male coatrols throughout the study; for females,
i.2an body weights ware less than those of untreated controls for the first 80
vk, An increased incidence of pyelonephritis was observed in male mice
exposed to acetone alone or in combination with TCDM. A statistically
significﬁnt increase in the incidence of fibrosarcoma of the integumeatary
tissue was observed in female mice given TCDD and TCDD after DMBA compared
vith controls. Fibrosarcomas appeared significantly earlier in TCDD-dosed
r2les tﬁan in vehicle control:, although the increased incidence of such

tuniors was not statistically significant.

In females, the incidencez of fibrosarcema in the iutegumautary system was
35% (8/27 nice) in the treated group and 5% (2/41 mice) in the controls. 1In
the males, the incidencz of the same tumor type was not significantly

different--21% (6/28) zmong the exposed mice and 7% (3/42) amonyg the controls.

1f the cancer studi=s cenducted by Kociba et al. (1978) and by the NT
(1932 a,b) are compared, it is evident that the twwors in the liver are
produﬁed at quite similar dosage levels. (See also "Considerations for Risk
Assessment.") Although increas;d incidence of tuwors in other organs was
observed by the NTP and by Kociba et al., the target o;gans varied iﬁ the two
gtudies. This may be caused, in part, by differences %n dosing (gavage versus

exposure to TCDD in ground chow) and differences in the strains of rats used.
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At the CDC consultants' weeting and in writter comments by one of the
consultants and at a mecting i Cincinnati where the EPA criteria documeals on
TCDD in water and air were revicwed (EPA dio.in meeting July 27-29, 1983), it
vas pointed out that the carciunowas of the lungs and upper respiratory tract
in the study by Lociba et al. (1978) couldlconccivably Lhave been caused by
direct contact of TCDD-containinated feed particles with the respiratory

tract. The reasous for this are as follows:

In the Fociba study, TCDD was offered to the rats in ground chow.
Rats exposad to ground food often have food particles in their airways
and lungs, aand this is noted on microscopic examination. 1In the NIP
(1982b) stud%? TCDD was given by gavage, and liver tumors, but not tumors
of the respi:atory tract, dcveloped. The direct dose to thz respiratovy

tract cannot be estimated in the rats that developed cauncer of the

jot
pre

-~
oye
=
e
I
=

ragpiratory tract. Im iccalized areas, it :iost likely was highur

.

the total dnoily dosz2 caleulated on a2 budy-waight basis.

n;

rewdtes versus laitiator

Although the zvailzble evidence shows that TCDD has a tumor-prowvting

o
capacity, there is, as yat, vary little to suggest that it is also an

initiator.
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Poland et al. (1982) have receatly prescated evidtenca of TCOD tunor
prozotion in skin in HRS/j hairless wice, and Pitotr et al., (1980) showed TCDD
to be a potent tumor proucter in a two-stage moda2l of carcinogenesis in rat

liver. The amount of TCLD bouud to DMA is ﬁog;tro six ovders of magaitude
luss thaa that for other known carcirogens (Polund and Clovar, 1979).
lowever, it has not been established what possibie role any isetabolites of
TCDD may play. Binding to DNA dues not mecessarily mean that the Dla is

altcred, nor is it possible to dotermine with absolute cectainty that TCDRD lias

no initiating propariies.

Human Health Effects

Most og our information about the human health effects of TCDD has been
obtained from studias of workers who were exposed to TCDD during the -
preduction or handling of 2,4,5-trichlorophenol and products made tron this
chemical; aé ncted previously, precise exposure data, necessary for
dose-respo?se calculaticns, are not available for these situations. In'some
plants, workers prizarily develoned chloracue but no systemic illrass (May,
1332). Ocher authois have reported complaiuts of weight loss, easy
facigability, aching nus:les, insomnia, irritability, loss of libide, and
sensory changes. The liver may bacome tender and eularged, and decrcases in
nerve conduction velocity have been reported. Total serum lipids may bea
increasad, and the prothrombin times may be prolonged (IARC, 1977; Bauer et
al., 1961; Bleiberg et al., 1964; Jensen and Walker, 1972; Oliver, 1975).
Porphyria cutanea tarda has also been observed (Jirasek et ai., 1976; Bleiberg

et al., 1964; Poland et al., 1971).
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Follow-up rtudics in cxponsed workers have not beoen very inforwmative,
purtly because tie nuwber of workers included has buvn swall. The largest of
thhese monups consisted of 121 wourkers (Zack and Sushind, 1980).

May (1982) revorted that 10 years aftet an incicdent, in which 79 workers
daveloped chloracie because of cxposure to TCED, half of thz affectad subjects

still kad chloracne. Mo other adverse eifects were reported.

In annther episode, reposted by Pazderova-Yejlupkova et al., (1¢31), the
conditica of many patients, with relatively sevare carly findings, improved
over the years. Apparently, during 1965 to 1953, 20 wurkers who had been
enzagzd in the production of 2,4,5-sodiuw trichlorophznokyacetate and the
turyl exter of trichlorophendxyacetic acid bocume 111 2fter TCUD exposure. A
1y-yzar follow-up study was conducted of 55 exposed individuals. Mos:t of the
patients had initially developed chloracne, and 11 manifestad porphyria
cutunzs tavda. 4Aboul half ol the patients hud clevated lipids vith
abnurr alities in the lipoprot=in spectrum; tun-fifths had ubnormal glucose
tolerance tests; one-third had elevated liver function tests; and the live.
tissues frem liver biopsy material of selected patients fluoresced under
ultreviolec light, indicating elasvated porphyring. Most suffecred from various
psycuolozgizal dizorders. As of this date, two patients huve died cof
broachogenic lung carcinowa; oneiof liver cirrhosis; one of a rapidly
develo}ed, extremely unusual type of atherosclerosis precipue cerebri; and two
patients have died from traffic injuries. No conclusions can be draun from
this list of fatalities, since these are conditions which normally occur in

F .
the general population and since there were only very few deaths. The

condirions of most other pat:iznts have improved.
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Hardell and Sa !strom (1979) and Eviksson et al. (1981) conducted two
case-control studies in Sweden and reported an increased risk of soft tissue
carcomas in men who were exposed cither to trichlorophenols or to phaenoxy

bicides during their applicatiou. These authors alsov reported a third

her
casu-control study from Sweden which suggests that phenoxy acids and
chlorophenuls may i&so predispose to Hodgkin's lymphoma, but as yet there is
little support for this theory from other sourcus (llardall et al., 1931). The
Swadish studies were recently summarized and discussed by Coggoun aund Achesun
(1982), who concluded that "further research is urgently needed to confirm or

refute these associations, to define the extent of the risk (if any) and to

identify the carcinogen(s)."

The Swedish results could not be substantiated by Milham (1982).
Preliminary results from a case-control study under way in New Zeazland also
have not indicated an excess risk of soft tissue sarcoma (Smith et al., 1976,
1683). The mortality rate for soft tissue sarcomas for United States males
between &0-64 years of age ranzes from about 5-20 per 1,000,000. 'This low
incidence severely limits the power in some studies to detect such rare
events. <The Swedish :z:tvdies, howaver, are supp&rted by results from the
Uaited Stztes (ionchar and Halperin, 1981; Cook, 1981) in workers producing
these chemicals. In the Unite:d States four follow-up studizs were ¢ :ducted
zuwong workers exposed to 2,4,5-trichlorophenol or 2,4,5-T (Cook et al., 1980;
ott, Holder, and Olson, 1980; Zack and Gaffney, 1983; Zack and Suskind,

1960). 'All of these investigators concluded that thare were no excess dzaths

due to any cause. However, each of three cohorts had one death due to soft
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tissuz sarcoma. Honchar and Halperin (1981) reviewed the four studies and
noted that in the four merged cchorts there were a total of 105 d=aths, 3 of
which (2.9%) vere duz to soft tissue sarcoma. On the basis of national rates
of death for men agad 20 to 80, only 0.072 of geaths due to soft tissue
sarcowma would have beea expected. Recently, another person in one of the
four cohorts died bzcause of a soft tissue saccoma (Couk, 1981; Ott, personal
conmunication), bringing the total to four deaths due to soft tissue sarcoma
in the four mecged U.S. cohorts. Microscopic review of tissue sections from
these tumors and three additiounal cases was reczntly done. Two of the four
cases with documented evidence of exposure and 3 additional cases that did not
have documented evidence of exposure were confirmed to represent soft tissue
saccoma. (Fingerhut et al., manuscript in preparation.) The question has
also beé; raised as to whether it is appropriate to merge these secparate

cohorts.

Thizss et al. (1932) reexamined a cchor: of 74 persons who had been
exposed to dioxin 27 years earlier durimg an uncontrolled reaction at a
trichlorcphenol production facility. Overall mortality (21 deaths) did not
differ in this group from the rate expected in three external reference
populations or froo thzt observed in two internal cooparison groups. Of the
21 deczased persons, 7 had cancer (ICD Ko. 140-193), compared with an expected
4.1 (p=0.14). Three dezaths due to stomach cancer (ICD llo. 151), at ages 64,
66, and éé years, were found, compared with 0.6 expected (p=0.024) from
regional ‘mortality data. One stomach cancer occurred among 148 individuals in

the two comparison cohorts.
|
|

32



Despite the increasing nuabar of reports sugge:nting a positive
associa’ .on of soft tissuc sarcomas and exposure to chomicals knowa to be
contaminated with chlorinated dibeazodioxins, severes) of the CDC consultauts

expressed caution or skepticism. For example:
"Epidemiological reports have included prospective cohort studies

(some with nore than 3000 person-years) in which enposurcs have been well

documented, even if not well quantified, in which no excess wortality or

malignancies were observed. The few case-control reports thit suggest an
excess risk of gancer are compromisad by their poorly documented and

obviously heterngeneous exposures, uncertainty that coantrols were

[77)

appropriately sclected, and the potential for introduction of z seriou
error throuzh rucall bias. Additionally, one of the studies mentioned in
the review by Cogpon and Acheson deals with pheaoxyacetic acid hecbicides

xncwn ot to be contaminatad with TCDD.

The possibility of a relationship between TCbD e.posure and various
soft tissue neoplasms, mesenchymal tumors, and sarcomas has been raised.
Crouping of these diverse tumor types is not appropriate. liowever, the
question of a possible causal relationship of TCDD and soft tissue tumors
needs to be cuplored furthzr." [Note: Since these tumors are extremely
rare' the negaéive studies done to date may have insufficient power to

detect them.]
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Another consultant added:

. "A nuwbezr of case-coatrol and follow-up studies hase been conducted in
worker populations. Each suffers from one or more deficiencies: (1) a
lack of suificiant measured exposure, (2) a lzck of sufficient time to
cevelop dise?§e between il exposure and the study, (3) a population sire
teo srall to reasonably find cases of soit tissue sarcoma, or (4)

possible lack of contamination of the cowmerciul product with dioxin."

These cosments illustrate sowe of the vresent controversies. It 35 honed

arger epidemiologic studies, such as the stndy basad on a foliuw-up of

2]

taat
workers in the liational Imstitute for Occupational Safety and Health (NIOSH)

dio:iu registry, will resolve thesz issues.

Useful infsycmation fream studies of health e@fects followiag eaviroum-atal
exyesure is sparne (Pocchiani et al., 1979). After an explosioa at the ICMESA
plarnt in 1976 (Huy, 1376), children in Severo daveloped chloracne (Reggiani,

1440). Resulus of somz2 liver function tests were eleveated in that population

rn
e

(Pezciani, 1980), and the incideace of abnormal results of nerve conduction

tastc vas reported to bz statisvically significoatly elevated in subjects with
chlovacnz (Fillipiai et al., 1981). A child in Miscouri (Carter et al., 1975)
who played in dirt contzminated with 30 ppm TCDD in some areas of a riding

arena had a hemorrhagic cystitis. Claiws have been made that exposure to
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2,4,5-T co taminated with TCDD hus resulted in an iucreased incidence of
spontancous abortioms, malformations, cancer, and other health problems (x: 1by
et al., 1980; Coansultative Council on Cogenital Abnor:alities, 1978). Since
the studies reporting such results have severe methodologic limitations,
additional welladesigned studies need to be conducted before any couclusions

can be drawn about these hcalth effects in the general populatioun.

O;e problem with all of the human studies, including reports from
workers, is that direct objective measurement of exposure is not available.
In situations whers no systemic health effects were observed, absorption of
TCDD may have been minimal or norexistent. For instance, the highest soil
level i; Zoue A in Seveso close to the factory was 55 ppb (ug/kg), whereas
levels on the vegetation rangzd from nondetected to 15.8 ppm. Of the 44
vegetation'samples analyzed, 33 had less than 1 ppm TCDD. PMost of the
vizetation was removed early, and people in the area closest to the factory
ware evacuated 2 wk after the event and were warned not to eat vegetables from
their gardsns. The area where people are living now (s:ne B) has soil levels
balow 0.15 ppb. Althouzh several comments were recezived that exposure in
Saveso was substantial, soil contamination levels in Missouri are 10-1000
tim2s higher than ia Seveso. For additional inforuation on enviroumental
contaminaticn in different parts of the world, the reader is referred to

Reggiani (1980).
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